Summary
Neonatal pigs were used to develop a surgical biopsy procedure to remove bone tissue from the ilium of small animals, with potential application for infants and small children. While the neonatal pig was under general anaesthesia, a scalpel was used to make a punch incision down to the ilium. Then a Craig Biopsy Trephine was used to remove a core sample of the bone. The samples ranged from 5 to 15 mm in length and 2 to 3 mm in diameter, with an average dry weight of 34· 4 mg. The samples were adequate for mineral (calcium and zinc) analysis in our laboratory and may be equally suitable for histological or biochemical analyses. Surgical trauma was minimal, which permitted each pig to be biopsied every 7 days for 5 weeks without adverse consequences.
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The neonatal pig is an excellent experimental animal model. It resembles the human biologically and physiologically more so than any nonprimate mammalian species, especially with respect to the cardiovascular system, digestive tract, skin, nutritional requirements, bone development, and mineral metabolism (Dodds, 1982; Tumbleson, 1986) . Therefore, research with swine can benefit animals and mankind. Pigs are obtained and cared for relatively easily and inexpensively. Their size and hardiness permit repeated collec-·Present address: USDA-ARS. Human Nutrition Research Center, Grand Forks, North Dakota 58202-7166, USA. 12 February 1990; accepted 5 November 1990 tions of samples and various surgical interventions, which in turn allow repeated observations during the progression of experimentally induced conditions.
Received
A bone biopsy trephine for use in sampling the iliac crest of adult humans was initially described by Sacker and Nordin (1954) . Since then, the procedure has been successfully applied to adults using a trephine with 7 to 8 mm internal diameter (Duursma et al., 1969; Johnson et al., 1977; Podenphant et al., 1986; . Recently, Moore et al. (1989) employed trephine instruments with internal diameters of 2 mm and 7 mm on the iiiurns of adult cadavers and concluded that the smaller diameter sample is preferable because it is less invasive, while still being adequate for quantitative histomorphometry. However, a technique has not been described for use in infants or small animals.
The purpose of this research was to develop a surgical bone biopsy technique which permits extraction of 30 to 40 mg (dry weight) of bone tissue from small, live pigs. (2-15 kg) with a minimum degree of surgical invasiveness. This amount of bone tissue is adequate for many laboratory analyses, such as the determination of enzyme activities and the concentrations of ash and minerals (Sinha et al., 1988) , histological evaluation (Fornasier & Vilaghy, 1973; Moore et al., 1989) and trabecular bone volume measurements (Mosekilde & Mosekilde, 1988). The procedure must be relatively atraumatic so as to permit successive weekly biopsies during an experiment, with minimal animal discomfort or disruption of normal behaviour and appetite. This technique should also have potential application for use on other similarly sized research animals and human infants.
Materials and methods
Animal care Thirty-six crossbred (York -Landrace-Duroc) male pigs were obtained from the University of Missouri-Columbia Swine Farm. Eighteen pigs were 7 days old and 18 others were 14 days old when the study began. The pigs were individually housed in modified stainless steel rabbit cages with ad libitum access to an air-dry semipurified diet and deionized water. The first bone biopsy were taken from the pigs after a 3 day adaptation period. The pigs were biopsied 5 times at 7 day intervals over a 35 day period. The first biopsy was performed on the left ilium. Succeeding biopsies alternated from side to side. The first sample on each side was taken near the anterior end (iliac crest) and succeeding samples from the same side were taken from a point posterior to the previous sample location. This avoided repeated sampling of the same site.
Surgical procedure
The pigs were fasted for 12 h (overnight) prior to surgery. They were anaesthetized with Lm. (biceps femoris) injections of 40 mg of ketamine hydrochloride (Aveco Co., Inc., Iowa, USA), 2· 2 mg of azaperone (Stresnil, Pitman-Moore, Inc., New Jersey, USA), and 0'05 mg atropine sulphate (Fort Dodge Laboratorie.s, Iowa, USA) per kg of body weight. An area with a 10em radius surrounding the surgery site was shaved and scrubbed with an antibacterial skin cleaner (Prepodyne Scrub, Medical Products Division of American Sterilizer Co., Pennsylvania, USA). The pigs were placed in lateral recumbency and the surgery site was swabbed with 70070 ethanol. A I cm long incision was made by pushing a No. 22 scalpel blade through the skin down to the ilium. The width of the blade was the length of the wound and this was adequate exposure to perform the biopsy. A Craig Vertebral Body Biopsy Instrument Set (Fig. 1 ; American V. Mueller Division of American Hospital Supply Corp., Illinois, USA) was used to obtain the sample. A sharp stainless steel probe (worm hook) was inserted into the incision to scrape the biopsy site on the bone free of muscle tissue. 223 5.
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Fig. 1. Biopsy instruments:
(1) blunt trochar; (2) cannula;
(3) worm hook; (4) toothed cutter; and (5) socket wrench.
A blunt trochar was then inserted down to the ilium and held in place while a cannula was placed around it. The trochar was then removed from the cannula and replaced by a stainless steel biopsy trephine (3 mm internal diameter toothed cutter). The trephine was rotated while gently, but firmly, applying pressure to cut a core sample. Most commonly, the trephine passed completely through the ilium and a cross-sectional core sample was cut. In the other cases, when the desired depth Oength)of sample was obtained, the trephine was gently rocked to break the sample loose. The trephine was then withdrawn from the incision, and a probe inserted to eject the sample into a storage container for future laboratory analyses. Suturing of muscle tissue was unnecessary. The skin was sutured with one or two stitches of synthetic suture (I Dexon Plus, Davis & Geck Inc., Manati, Puerto Rico). Following surgery, the pig was returned to its cage. After recovering from the anaesthesia, the pigs were provided with fresh food and water. They soon resumed their normal activities. At the end of the experiment, the pigs were euthanatized by lethal injection of sodium pentobarbitol (Euthenasia-6, Veterinary Laboratories, Inc., Kansas, USA) and their iliums were removed for examination.
Results and discussion
The biopsy procedure was performed 6 times on 36 pigs. The core samples were 2 to 3 mm in diameter and 5 to 15 mm long (Fig. 2) . Dry sample weights ranged from 6' 8 to 72' 1mg, with an average dry weight of 34, 4 mg (SEM = O· 90). Five samples with dry weight less than 12 mg were considered too small for our laboratory analyses. Visual inspection of the ileums following their removal at the end of the study revealed that the site on the iliums which had been biopsied 7 days earlier had nearly healed, and those 14 or more days old were nearly unidentifiable. Experience indicated that it was best to cut the sample out transversely and completely through the ilium to obtain a cross section of the bone.
Recovery from the biopsy procedure did not appear to be affected by increasing age of the piglets or the number of biopsies performed. However, 5-10070 of the pigs under 5 kg exhibited transient lameness following the surgery, which typically disappeared in 24 to 48 h. Pigs under 5 kg recovered from anaesthesia in 4 to 6 h with a partially depressed appetite for the first day. Pigs over 5 kg exhibited no ill effects from the biopsy procedure, and recovered from the anaesthesia in 2 to 4 h with an immediate appetite. Based upon our past surgical experiences with this age and type of pig, use of a postoperative analgesic was considered unnecessary, even in cases where transient lameness was observed. However, such treatment may be justifiable in individual cases where evidence of post-operative pain exists, particularly in human infants.
This technique is superior to that reported by Nogues and Milhaud (1988) for use with Rhesus monkeys because it requires less excavation of tissue, which is particularly important in wellmuscled animals such as swine. The core biopsy provides a longitudinal cross section of the ilium and the puncture heals rapidly.
In conclusion, we have successfully developed a surgical procedure for use in taking biopsies of bone tissue from the ilium of small animals. Our relatively atraumatic technique permits repeated sampling of the same animal every 7 days for several weeks. Therefore, this biopsy procedure should prove useful in the study of bone metabolism or other skeletal parameters during longitudinal research experiments with small animals.
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